We administered Acetobacter malorum NCI1683 (S24), containing a high concentration of dihydroceramide (7.2 mg/g of dry cell weight), consecutively to aged rats (male Crlj:Wistar rats, 22 months old). The ingestion of Acetobacter malorum for 89 d significantly extended the memory retention in passive avoidance tests, increased the release of acetylcholine with depolarization of brain synaptosomes and decreased the causative agents of neurodegenerative diseases in the cerebral cortices.
It is widely accepted that the cognitive function deteriorates with advancing age in humans and experimental animals. The age-related impairment of brain functions is thought to be caused by reduced synaptic transmission via a significant decrease in the release of neurotransmitters (e.g., acetylcholine) in aged synapses. 1) It has been reported that the chronic ingestion of such food ingredients as docosahexaenoic acid improved the cognitive function in elderly persons and aged experimental animals. 2) Acetic acid bacteria are gram-negative obligate aerobes for fermenting traditional foods, including vinegar, fermented milk such as kefir and Caspian Sea yogurt. 3, 4) The membrane lipids of acetic acid bacteria contain alkali-stabile lipid limited to a few bacteria. 5) The sphingolipids found in acetic acid bacteria have sphinganine as the sphingoid base and 2-hydroxypalmitoyl-sphinganine (dihydroceramide) as the main compound. 5) Sphingolipids are metabolized to a variety of derivatives containing ceramides as the backbone. There are many reports for animals on sphingolipids that indicate the importance of lipid constituents in the brain. 6) We have also reported that an oral administration of acetic acid bacterial lipids could reverse a decline in the cognitive function of dementia model rats, and among the lipid components, dihydroceramide had the most potent effect on the neurite outgrowth in such pheochromocytoma cells as the nerve growth factor. 7) We evaluate in this study the hyopothesis that acetic acid bacteria containing a high concentration of dihydroceramide, a precursor of the various sphingolipids in the brain, might have a beneficial effect on the cognitive function during aging.
All animal experiments were carried out in accordance with the guidelines for the care and use of laboratory animals and for the ethical treatment of laboratory animals at the Central Research Institute of Mizkan Group Corporation. Male Crlj:Wistar rats (Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan) were maintained until 22 months old with free access to a solid commercial diet (CRF-1, Charles River Laboratories Japan, Kanagawa, Japan) and water under 12-h light:dark conditions. After 5 d of acclimatization, the rats were assigned to the control and acetic acid bacteria-administered (AAB) groups. The body weights did not differ between the two groups. We cultured the acetic acid bacterial strain, Acetobacter malorum NCI1683 (S24), from fermented milk that contained dihydroceramide at 7.2 mg/g of dry cell weight according to the method of Ogawa et al.
8) The bacterial pellet was homogenized at high pressure, powdered by spray drying and mixed at approx. 3.5 weight % in the diet (Table 1) .
Memory retention was evaluated 89 d after starting the administration by a passive avoidance test according to the standard method. 9) Briefly, a box comprising dark (black) and bright (white) compartments (25 cm in length, 11 cm in width and 10 cm in height) separated by a partition at the center was used. After familiarization and repeated training, each rat received an electric shock (1 mA Â 3 s) when entering the dark compartment. Twenty-four h after the shock, the rat was placed in the bright compartment, the partition was raised after 5 s, and the retention time (s) was measured.
The cerebral cortices and hippocampuses of the rats were extracted after the passive avoidance test. Synaptosomal fractions were prepared from the cerebral cortices and the release of acetylcholine was analyzed according to Tanaka Y et al.
10) The contents of amyloid beta, which has been reported to be a causative agent of Alzheimer's disease, 11) in the cerebral cortex and hippocampus were measured by using the Mouse/Rat Amyloid beta (1-40) high-specificity assay kit (Immuno-Biological Laboratories Co., Gunma, Japan). Myey To whom correspondence should be addressed. Tel: +81-569-24-5128; Fax: +81-569-24-5029; E-mail: h-fukami@mizkan.co.jp Abbreviation: AAB, acetic acid bacteria loperoxidase is a marker of cytotoxic activity in the brain, 12) and its contents in the cortex and hippocampus were measured by using the Bioxitech MPO-EIA assay system (OxisResearch, Portland, USA).
The body weight and food intake did not significantly differ between the rats in the control and AAB groups throughout the experimental period. The mean retention time of the AAB group in the passive avoidance test was significantly longer than that of the control group (p < 0:05), implying that chronic AAB administration could improve the memory retention ( Table 2) .
The depolarization-induced release of acetylcholine from synaptosomes was tested with the results shown in Fig. 1A . Aged synaptosomes (e.g., C57BL/6 mice 30 months old) have shown a significantly lower release than that in adult animals (9 months old) when induced by an external solution containing K þ at a concentration from 10 mM to 50 mM.
1) The K þ (15 and 40 mM)-evoked acetylcholine release in the AAB group was significantly higher than that in the control group (p < 0:01). There were significantly lower mean amyloid beta (1-40) and myeloperoxidase contents in the cerebral cortices of the AAB group than of the control group (p < 0:05 and 0.01, respectively, Fig. 1B and C) , although there was no significant difference of contents in the hippocampus among the two groups.
The dosage of Acetobacter malorum NCI1683 was selected with reference to a previous report, in which acetic acid bacterial lipids containing dihydroceramide improved the learning ability of rats with lesioned forebrain nuclei.
7) The rat model of dementia with damaged cholinergic neurons in the basal forebrain has been reported to decrease the leaning and memory abilities, and such therapeutic agents as acetylcholinesterase inhibitors could improve the cognitive function in behavioral tests. 13) The results of this present study suggest the possibility that the ingestion of acetic acid bacteria could act on the cortex, including the basal forebrain, rather than on the hippocampus, and improve the function of cholinergic neurons by enhancing the synaptic transmission and decreasing the level of cytotoxic agents.
Acetic acid bacteria contain highly pure dihydroceramide which does not contain a double bond in its structure. The main sphingoid base in animal tissues is sphingosine which is an unsaturated molecule. Gangliosides, composed of sialic acid and oligosaccharides A, The release of acetylcholine stimulated by depolarization with high-K (15 and 40 mM K) from brain synaptosomes of the control (CONT, n ¼ 16) and acetic acid bacteria-administered (AAB, n ¼ 8) groups of aged rats. B, The amyloid beta (1-40) content in the cerebral cortex and hippocampus of CONT (n ¼ 5) and AAB (n ¼ 6). C, The myeloperoxidase content in the cerebral cortex and hippocampus of CONT (n ¼ 5) and AAB (n ¼ 6). Data are expressed as the mean AE standard error. # and ## respectively indicate p < 0:05 and p < 0:01 by Student's t-test. conjugated to ceramide, have been reported to accelerate the release of acetylcholine from synapses and to enhance the synaptic transduction. 1) Ceramide could participate in the action of the nerve growth factor 14) and offset the cytotoxicity of reactive oxygen or amyloid beta-peptide. 15) These studies support the concept that ingested ceramide or its derivatives might have a beneficial effect on the decline in cognitive function associated with aging. Radiolabeled sphinganine administered orally to rats resulted in the amount of radioisotopes detected in the intestinal tract lymph being markedly higher than that of sphingosine, 16) implying that ingested sphinganine-based lipids are available for absorption and utilization in animal tissues. The dihydroceramide or its derivatives incorporated in the brain might be involved in this effect, as discussed earlier.
A more detailed evaluation is now underway of the definite effects of acetic acid bacteria on the cognitive function by several behavioral tests. Confirming the relationship between cognitive functions and dihydroceramide as an active ingredient also make it essential to study the absorption kinetics of orally administered dihydroceramide and its mode of action in the central nervous system. It is also important to evaluate the possibility that other cell components of acetic acid bacteria might have synergistic effects in this study. It is expected that acetic acid bacteria derived from traditional fermented foods will be established in future as beneficial and safe food substances for cognitive functions during aging.
